This study reports the essential oil composition and headspace volatiles profile of Achillea coarctata Poir. from Serbia. The inflorescences, stems and leaves, and the aerial parts of A. coarctata were analyzed separately. Germacrene D, α-terpineol and 1,8-cineole were the main constituents of the aerial parts essential oil; 1,8-cineole, cis-cadin-4-en-7-ol and α-terpineol were the most dominant compounds in the inflorescence essential oil, while the most abundant components in the stem and leaf oil were germacrene D, cis-cadin-4-en-7-ol and ledol. The percentages of monoterpenoids and sesquiterpenoids in the aerial parts were the same, while there were differences in distribution of these compound classes in inflorescence and stem and leaf essential oils. The major components of the headspace volatiles were the same for aerial parts, inflorescence and stem and leaves: 1,8-cineole, β-pinene and α-pinene.
The genus Achillea L. belongs to the Asteraceae (Compositae), the largest family of vascular plants, and contains around 130 flowering and perennial species found in Europe and temperate areas of Asia and North America. Achillea species are among the oldest medicinal plants that are used both for pharmaceutical purposes and in folk medicine. Anti-inflammatory, spasmolytic, antidiabetic, antiulcer, antitumor, choleretic and hepatoprotective activities of different Achillea species have been reported [1] [2] [3] [4] [5] [6] . The various effects of these plants may be due to the presence of a broad range of secondary metabolites such as flavonoids, phenolic acids, lignans, amino acid derivatives, terpenoids and sterols [7] . The genus Achillea has a complex taxonomy, and studies on the composition of the essential oils have been used as an additional characteristic of inter-and infra-specific differentiation [8] [9] [10] . However, the existence of chemical variability concerning yarrow essential oil composition seems to be a well-known phenomenon. Achillea species may serve as examples of both qualitative and quantitative variability in essential oil composition within a species, which is influenced by different environmental effects, genetic background, ontogenic and morphogenic factors [11] .
A. coarctata Poir. is a perennial herb restricted to the Balkan Peninsula, south Ukraine and Asia Minor. Until now, there are only a few reports regarding the chemical composition of A. coarctata essential oil collected from different geographical areas [12] [13] [14] [15] . Having in mind the differences in available data of the essential oil and the general importance of the genus Achillea, the aim of this study was to perform a more detailed chemical analysis (GC-MS) of the essential oil composition, as well as the headspace volatiles profile of A. coarctata collected in Serbia. In order to investigate whether there are any differences in the biosynthesis/ bioaccumulation of the compounds in different plant parts, we have separately analyzed the inflorescences, stem and leaves and the whole aerial part of A. coarctata. As far as we know, there are no previously published data on headspace volatile profiles of A. coarctata.
The list of detected compounds of A. coarctata essential oils, which were obtained separately from aerial parts (A), inflorescence (F), and stem and leaves (S), with their relative percentages, retention indices and percentages of compound classes are shown in Table 1 , as well as the headspace volatiles profile for the same plant parts (AH, FH and SH, respectively). Numbers of identified compounds in A, F, S, AH, FH and SH samples were 81, 89, 66, 36, 28 and 33, respectively, representing 93.6% (A), 95.7% (F), and 92.7% (S) of the total oil, and 98.1% (AH), 98.8% (FH), and 97.9% (SH) of total HS volatiles.
Germacrene D (12.3%), α-terpineol (8.5%) and 1,8-cineole (7.4%) were detected as the main constituents of the aerial part essential oil; 1,8-cineole (18.4%), cis-cadin-4-en-7-ol (8.8%) and α-terpineol (7.7%) were the most dominant compounds in the inflorescence essential oil, while the most abundant components in the stem and leaf oil were germacrene D (25.0%), cis-cadin-4-en-7-ol (11.1%) and ledol (7%). The percentage of monoterpenoids and sesquiterpenoids in the aerial part was the same (44.7%), while there were differences in distribution of these compound classes in inflorescence and stem and leaf essential oils. Inflorescence oil contained monoterpenoids as the predominant class (58.6%), while stem and leaf oil consisted mostly of sesquiterpenoid compounds (68.5%). The main constituent of the inflorescence oil, 1,8-cineole, was detected only in an amount of 1.8% in the stem and leaf oil. Additionally, the quantity of germacrene D, the most dominant compound of the stem and leaf oil, was only 2.3% in the inflorescence oil. Nemeth noted that, to a certain extent, a higher level of sesquiterpenoids in the vegetative organs compared with monoterpenoids is a general tendency throughout the genus. This observation is in accordance with that in the current study [11] .
The most dominant components of the headspace volatiles were the same for aerial, inflorescence and stem and leaves parts of the plant, with the following percentages: for AH, FH and SH respectively. The content of monoterpenoids, which are more volatile compounds, was significantly higher in the headspace volatiles than in the essential oils, while sesquiterpenoids were found in smaller amounts.
As mentioned before, there are four previous studies regarding A. coarctata essential oil profile, but all of dried plants [12] [13] [14] [15] . In the previous study, conducted on essential oil of A. coarctata from Serbia, the authors identified just 79.3% of the total oil and reported 60 components of which caryophyllene oxide (9.0%), 1,8-cineole (8.5%) and trans-linalool oxide (7.2%) were the major constituents [12] . Tzakou et al. analyzed the essential oil of A. coarctata from Greece and noted 1,8-cineole (26.9%, 29.1%), camphor (22.1%, 9.2%) and borneol (5.0%, 6.8%) as the most dominant components of inflorescence and leaf oils, respectively [13] . Two of the reports represent essential oil compositions of A. coarctata from Turkey; the main constituents were: 1,8-cineole (20.1%), camphor (15.6%) and viridiflorol (11.8%), as well as viridiflorol (25.9%), camphor (9.8%) and caryophyllene oxide (9.6%) [14] [15] .
According to Radulovic et al., the aerial part essential oil investigated in our study can be classified in the well-known 1,8cineole-camphor and/or borneol group [16] . These compounds were detected with significant percentages, as well as α-terpineol, which is also one of the monoterpenoid chemotaxonomic markers for the genus Achillea from the Balkan Peninsula. However, ciscadin-4-en-7-ol, detected as one of the most dominant compounds in the inflorescence and stem and leaf essential oils, was never reported as a constituent in previous studies of aerial parts of Achillea species.
The obtained study shows different results than those previously reported for essential oil of A. coarctata in terms of number of
